Background--Excessive daytime sleepiness (EDS), a common symptom among patients with sleep-disordered breathing, is closely associated with the development of cardiovascular diseases, but its long-term prognostic value is not completely understood. The aim of this study was to investigate whether EDS would be an independent prognostic factor after myocardial infarction.
pidemiological studies have shown that sleep-disordered breathing (SDB) is associated with increased risk for cardiovascular disease (CVD) and poor prognosis. 1, 2 Excessive daytime sleepiness (EDS) is a common symptom in patients with SDB and has been associated with an increased risk of motor vehicle accidents, occupational injuries, and the development of cerebrovascular diseases and CVD. 3, 4 Moreover, longitudinal studies have shown that EDS is an independent risk factor for adverse outcomes in patients with coronary artery disease 5 and predicts cardiovascular mortality. 6, 7 Although continuous positive airway pressure (CPAP) is recommended for patients with moderate to severe SDB, 8 evidence for its use in SDB patients with CVD but without EDS is questionable. 9, 10 Recently, SAVE (Sleep Apnea Cardiovascular Endpoints Study) showed no reduction in cardiovascular events after CPAP treatment of predominantly nonsleepy patients with moderate to severe obstructive sleep apnea (OSA) and established CVD 11 ; however, disease severity and poor CPAP adherence may have affected the results of this trial. More studies are required to evaluate the prognostic value of EDS in patients with specific CVD conditions. We previously reported that EDS is present in almost a third of patients after acute myocardial infarction (MI). 12 Consequently, we sought to investigate whether subjective EDS would predict adverse outcomes for patients after MI, independent of traditional risk factors.
Methods
In consideration of the privacy of patients, the data, the analytic methods, and the study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.
Study Population
We conducted a prospective study of post-MI patients that included 112 patients who completed overnight attended polysomnography. This study was conducted between April 2004 and March 2010. Although consecutive patients were eligible, recruitment was based on exclusion criteria, availability of research personnel, and patients consenting to participate. The diagnosis of MI was made by the attending physician according to guidelines. 13 Patients were excluded if they were previously given a diagnosis of SDB and treated with CPAP. Patients taking sedatives were also excluded from participation in the study because of influences on sleep pattern. This study was approved by the Mayo Clinic institutional review board, and all patients completed written informed consent. Note that outcomes data related to OSA from a large population of these participants were published previously. 
Questionnaires
Patients were asked to complete a paper version of the Epworth Sleepiness Scale (ESS) before polysomnography. 14 The ESS is a self-completed instrument consisting of 8 questions assessing the propensity to fall asleep while engaged in activities of daily living, with each item rated from 0 (not at all likely to fall asleep) to 3 (very likely to fall asleep). The total score ranges from 0 to 24, and subjectively quantified EDS was defined as a score ≥11. 14 Scoring of the questionnaire was done while blinded to the results of the polysomnography and follow-up.
Sleep Monitoring
All participants underwent fully attended overnight polysomnography within a median of 7 days after MI to identify the presence of SDB. 16 Polysomnograms were scored by an experienced registered polysomnography technologist. Apneas were defined as ≥90% decrease of airflow for at least 10 seconds (as viewed on the thermal airflow channel), and hypopneas were defined as ≥30% decline in airflow for at least 10 seconds (as viewed on the nasal pressure channel) accompanied by oxygen desaturation ≥4%. Severity of disordered breathing was determined by calculating the apneahypopnea index (AHI; number of events per hour), and patients with AHI ≥5 were considered to have SDB, whereas those with AHI ≥15 were regarded as having moderate to severe SDB. Patients were considered to have central sleep apnea if the total AHI ≥15, with >50% of the breathing events of central origin. 17 
Patient Management and Follow-up
Patients with an AHI ≥5 were advised to seek formal clinical assessment to confirm the diagnostic research findings and to initiate intervention at the treating physician's discretion. Treatment strategies for MI were at the discretion of the attending physician at the Mayo Clinic. Follow-up contact was made by mail or telephone every 6 months to ascertain vital status and incidence of the outcome variables. The primary composite end point was major adverse cardiac events (MACE), including death (either cardiovascular or all-cause mortality), readmission for recurrent nonfatal MI, hospitalized
Clinical Perspective
What Is New?
• Patients with excessive daytime sleepiness (EDS) had significantly higher rates of major adverse cardiac events and reinfarction compared with those without EDS.
• EDS in patients with moderate to severe sleep-disordered breathing independently predicts major adverse cardiac events in a multivariate Cox proportional hazards model.
• In patients with moderate to severe sleep-disordered breathing and without EDS, the probability of major adverse cardiac events at 36 months is similar to the 36-month outcome in those without sleep-disordered breathing.
What Are the Clinical Implications?
• Because of the strong prognostic implications of EDS in patients with moderate to severe sleep-disordered breathing, we suggest routine evaluation of patients with myocardial infarction to identify those who are at risk and who may need intervention such as continuous positive airway pressure.
• Larger clinical trials are warranted to evaluate strategies to alleviate EDS and the effect on long-term prognosis.
unstable angina regardless of revascularization, hospitalized heart failure, stroke, and significant arrhythmic events. 18 Reinfarction was diagnosed according to patients' symptoms, elevated cardiac enzymes, ECG, and available angiographic data, as described previously. 19 
Statistical Analyses
Continuous variables were described as medians and 25th and 75th percentiles, whereas dichotomous variables were described as frequency and percentage. Wilcoxon tests were used for comparison of continuous variables, whereas Pearson v 2 tests were used for dichotomous variables. To minimize potential confounding of CPAP therapy, 8 post-MI CPAP users (of whom 25% had EDS), after polysomnography testing, were not included in the analysis. Kaplan-Meier cumulative survival curves were constructed, and rates of MACE and reinfarction were compared by log-rank test. Cox proportional hazards analysis was used to compute hazard ratios (HRs) for EDS in the prediction of MACE and reinfarction during follow-up. Diabetes mellitus, left ventricular ejection fraction, and nocturnal nadir oxygen saturation (minSaO 2 ), which have been reported to be strong prognostic factors in this patient group, 2 were incorporated, together with age, AHI, and depression for adjustment in the statistical models of MACE. Only age and minSaO 2 (ie, strongest prognostic factor 2 ) were adjusted for in several multivariate models given the relatively small number of outcome events (if ≤20 events) to avoid overfitting of the Cox model. The appropriateness of the proportional hazards assumption was examined using graphical methods and tested with the Schoenfeld residuals test using Stata 12 (StataCorp). Analyses were performed using JMP version 10 (SAS Institute), and a P value <0.05 was considered statistically significant.
Results

Patient Characteristics
The final study sample consisted of 104 participants (82 male) with a median age of 62 years. SDB (AHI ≥5) was present in 76 patients analyzed (73.1%), of whom 6 (7.9%) had predominant central sleep apnea, and 46 (44.2%) had moderate to severe SDB (AHI ≥15). EDS (ESS score ≥11) was present in 31 participants (29.8%). The groups had similar prevalence of comorbidities, except that patients with EDS had slightly higher fasting triglyceride levels in comparison to patients without EDS (Table 1) . Patients diagnosed with SDB had ESS scores similar to those of patients without SDB (median score 9 versus 8, P=0.149). The prevalence of EDS was not significantly different between patients with and without moderate to severe SDB (23.9% versus 34.5%, P=0.242).
EDS Predicts MACE and Reinfarction
Thirty-five patients (33.7%) experienced at least 1 MACE during the 4-year follow-up. The frequencies of MACE and the MACE components are shown in Table 2 . Ten patients had ≥2 types of MACE; 15 patients had MACE ≥2 times. Reinfarction was the most common event (15 events) followed by angina (14 events), death (10 events), heart failure (9 events), significant arrhythmias (9 events), and stroke (3 events 
Discussion
These data are the first to suggest that subjective EDS is independently associated with an increased risk of MACE after MI. The prognostic value is most significant in patients with moderate to severe SDB. As an easily recognized complaint, EDS can be readily incorporated into routine evaluations for patients receiving secondary prevention therapy after MI. The prognostic value of EDS in post-MI patients is a novel finding and is consistent with previous studies in non-MI patients, [5] [6] [7] although other investigations did not report significant correlation of EDS with CVD prevalence in a cross-sectional study 20 or incidence of new-onset CVD in longitudinal observation. 21 A number of factors have been hypothesized as accounting for the unfavorable cardiovascular profile in sleepy individuals. First, EDS is closely associated with traditional cardiovascular risk factors, such as obesity, diabetes mellitus, uncontrolled hypertension, and physical inactivity. [22] [23] [24] [25] It is conceivable that mechanisms implicated in CVD risk (eg, inflammation 26 ) may also underlie EDS.
Second, aside from SDB, insufficient sleep and other sleep disorders such as insomnia, which may undermine patients' sleep quality and cause EDS, have also been associated with poor cardiovascular outcomes. 27 Third, although the basic mechanistic correlation between EDS and cardiovascular disorders remains unclear, assessment of inflammation, sympathetic overdrive, oxidative stress, and endocrine dysfunction, as found in sleep-deprived participants, may provide insights into the mechanisms linking EDS to cardiovascular outcomes in post-MI patients. [28] [29] [30] Interestingly, although EDS occurs frequently in post-MI patients, its presence is unrelated to a diagnosis of SDB. The relationship between SDB and EDS is also inconsistent in patients with atrial fibrillation 31 and with heart failure. 32 The reason for the absence of EDS in some post-MI patients with SDB is not completely understood. It has been suggested that in patients with coexisting heart failure and OSA, 33 the lack of EDS can be partially explained by a state of physiological hyperarousal provoked by elevated sympathetic activation during wakefulness. This hypothesis, however, cannot be extrapolated to post-MI patients because if increased sympathetic activity accounted for lack of subjective EDS, we would expect to observe a worse prognosis than those with EDS, who presumably have lower sympathetic drive. Therefore, the mechanisms of the absence of EDS in patients with CVD need to be further investigated.
Combating hypersomnolence in post-MI patients may be challenging. Because EDS is a frequent symptom of several CVD conditions, 12,33 chronic disease management rather than stimulant therapy may reasonably be prioritized to alleviate EDS and to improve cardiac outcomes as well. Meanwhile, because several preventable risk factors for coronary artery disease, such as inactivity, obesity, and a high-carbohydrate diet, 22, 24, 34 are closely related to EDS, lifestyle adjustment may be recommended. As one of the most important symptoms of moderate to severe SDB, the presence of EDS is an indicator for CPAP therapy. 8 The recently published SAVE study excluded moderate to severe OSA patients with either severe hypoxemia or an ESS score >15 (mean ESS of 7.3 for participants receiving CPAP) and found that the use of CPAP therapy had no significant effect on the prevention of recurrent serious cardiovascular events. 11 This result is in line with previous studies 9,10 that showed no favorable outcomes in nonsleepy SDB patients treated with CPAP. Importantly in our study-even in a high-risk group such as post-MI patients-in the absence of EDS, even moderate to severe SDB did not result in any increase in MACE. Note that in those patients with moderate to severe SDB and without EDS (Figure 2 ), the MACE probability at 36 months is very similar to the 36-month outcome of those without SDB; therefore, it is conceivable that the absence of benefit of treatment in SAVE may in fact reflect the absence of increased cardiovascular risk in nonsleepy OSA patients with established CVD. Consequently, randomized controlled trials of the effects of OSA treatment of cardiovascular outcomes, which are limited to only nonsleepy patients, may not demonstrate any reduction in cardiovascular events, given that nonsleepy OSA patients may not be at higher risk than similar patients without OSA. Furthermore, adherence to CPAP therapy in SAVE was relatively low (3.3 h/night), which may have been associated with the lack of EDS. It is likely that poor adherence to CPAP therapy may have accounted for the negative result. In fact, in prior studies, patients using CPAP for >4 h/night exhibited better outcomes than those who had poor CPAP compliance. 9, 10 Consequently, EDS can be used as an indicator of which patients could be the best candidates for CPAP treatment, since adherence to therapy may be better in symptomatic patients. However, a recent report suggests that other variables such as AHI and nocturnal desaturation may also be important for influencing adherence to CPAP. 35 This personalized strategy for treatment selection may identify responders at greatest risk of adverse events and thus most likely to benefit with improved outcomes.
Strengths and Limitations
Strengths of this study include the prospective design and a blind evaluation of EDS, polysomnography, and follow-up.
Weaknesses include the modest sample size and thus limitations related to adjustment for more variables during prognostic modeling. The low percentages of female and young participants may also limit the generalizability of our findings. Meanwhile, 75% of the sample had SDB, and of those participants, only 8 effectively used CPAP. Those 8 patients were excluded from the analysis. We cannot rule out potential effects of accepting (or not accepting) therapy recommendations on outcomes. It is conceivable that not accepting therapy recommendations may itself actually be the core risk factor, rather than the sleepiness (or SDB) itself, in that the noncompliance itself is a risk factor. 36 Last, patients' habitual sleep durations were not assessed and the degree of EDS at follow-up may have differed from the levels reported at baseline. Incorporating a repeat questionnaire of EDS into follow-up may be pragmatic and meaningful for the evaluation of high-risk patients. and EDS. Patients with both EDS and moderate to severe SDB (AHI ≥15) had the highest risk of MACE. Note that in those patients with moderate to severe SDB (AHI ≥15) and without EDS (blue line), the probability of MACE at 36 months (indicated by arrow) is very similar to the 36-month outcome in those without SDB (AHI <5; red line). AHI indicates apnea-hypopnea index; EDS, excessive daytime sleepiness; MACE, major adverse cardiac events; SDB, sleep-disordered breathing. Conclusions EDS occurs frequently in post-MI patients regardless of SDB. Its presence is predictive of poor prognosis after MI, especially in patients with moderate to severe SDB, although its pathophysiological mechanisms and interventional strategies are still to be determined. The high prevalence and prognostic value of EDS in patients with CVD warrants further investigation because they may identify those at highest risk of mortality and in need of intervention to improve outcomes.
